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Abstract 



In order to understand the process of reading, it is important to deter- 
mine how strings of letters are perceived. This study tests the hy- s 
pothesis that units of visual perception may include^ pairs of letters and. 
perhaps even high-frequency, monosyllabic trigrams (three-letter 
sequences). Participants were asked to report the name(s) of either 
single letters or trigrams, which were presented tachistoscopically. 
The trij^rams were of varying text frequency and had either on^ or two 
syllables/ Although letters were perceived more rapidly and more 
accurately than trigrams when the interval between stimulus and mask 
onsets (stimulus onset asynchrony, or SOA) was longer (65 or \Zb msec), 
single letters were no more accurate nor faster than high-frequency 
monosyllables at the briefest SOA (50 rnsec). These data are taken as - 
evidence that frequent, syllables can, under some circumstances, be 
perceived as holistic units. « 



SYLLABLES AS VISUAL UNITS IN LKTTKR-STRING PERCEI^ION 
^lan M, LcB^old and Frederick Dai^ner 
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T*he question of how strings of letters are perceived is important 
for xindcrstanding the reading process. A variety of Recent studies 
(see review in Massaro, 1975) have established that information about 
orthographic structure exerts great influence on the perception of word- 
like letter strings. There are two ways in whic^ letter strings could 
be perceived. First, it is possible that single letters are detected as 
visual units after which a verbal processor translates the visual units 
into phonological units, such as syllables or vocalic center groups 
.(Hansen & Rodgers, 1968; Spoehr h Smith, 1973, 1975). Alternatively, 
there may be visual perception units involvings more than one letter 
' ';]a» ' Taylor, h Choe, in press; Landauer, Didner, St Fowlkes, Note 
I is report presents data supporting the hypothesis that units of 

vis - i V irrception may include pairs of letters and perhaps even high- 
frequer.; yr^naonosyljabi^^^ig ranris. 

Several experiments have addressed the hypo'thesis and have re- 
sulted in claims that visual units of more than one letter are operating. 
For exalmple, Taylor, Miller, and Juola (Note 2) have shown thdt 
response time for same-different judgments of words is longer when 
the words are printed in alternating upper "^d lower case type (e,g,, 
^''WlsdOnr'O. In particular, the more case alternations, the slower the 
response. Juola and his associates '(Juola, Taylor, h Choe, in press) 



J 



have argue (J that mill tile ttcr Ht rings nmat be the. units of percept ion; 
niultiletter units arc broktrn up by the cast; alternation, and had ainglr 
letters been the relevant unit, tht're would have been no change in re- 
sponse time with these alternationn. iTiis argument Ih not conclusive 
since it is also possible that cane altt'rnatinns only affect the clustering 
of detected letter h for purposes of verbal parsing at' the syllable level. / 

In a Himilar study, I,andauer et al. (Note 1) superimposed image- 
degrading visual masks on j;ome of the letters in four-letter words. 
Tliey found that deRradin^j; two nonadjacent letters was more destructive 
to letter identification than degrading two adjacent letters. P rom this 
fact, they concluded that adjacent letters are recognized in parallel, ^ 
whereas letters further apart are processed in serial order. This sug- 
gests either that there are multiletter visual units of perception or that 
part of a word (perhaps two adjacent letters) is visually processed in 
parallel at the lettt^i' level (perhaps under the control of a verbal per- 
ception unit) beforg the rest of the word is processed. Again, it is not 
strong evidence for the existence of multiletter visual units. 

/ 

It is also important to note that ^demonstrations of differences in 
perceptual efficiency for orthographically regular letter strings (th^e 
obeying English spelling constraints) and irregular letter strings do hot^ 
prove that there are multiletter visual units. Such experiments (e.g., 
Bkron ^ Thurston, 1973; Estes, 1975a; Gibson, Pick, Osser, & Ham- 
mond, 1962; Herrmann ^ Laughlin, 1973) show either that letter detec- 
tion units are biased by visual information surrounding the letters on 
which they operate, or that verbal multiletter units exist, or (and only 
perhaps) that th.ere are inultiletter visual units. ^ 

One type of stronger evidence for the exis*^ence of multilette^^isual 
units would be an interaction between the effect« of a variiable assiuned 
to influence visual letter analysis and the effects of a variable assumed 
to influence the verbal system. T^e method of Sternberg (1969) asserts 
that two variables (e.g. , Word frequency and image degradation) affect 



indrponclf nl stagen of proCfssinj; only if tlu'y exert additive effects on 
processing tinie. If they inter«)Ct, then they must be influencing two 
overlapping procenslng stages, or possibly one common corr^plex stage. 
This general paradigm has ||een employed at least twice with respect to 
the present question. I.anda\ier et al. (Note 1 ) failed to find an inter- 
action of word frequency with letter display degradation in a word report 
task, and Slanners, Jastrz.embski, and Westbrook (1975) failed to find an 
interaction of word frequency and stimulus degradation in a lexicality 
jxidgment (Is it a word *) task, 

IJoth. experiments stand as counte revidence for the hypothesis that 

words are always perceived as holistic units, but neither rules out the 

• \' 

possibility of subword, mwltiletter visual units. Wh^t we attempted to 

\- ^ . ' ■/ 

demonstrate in the pr^esent ftudy, using the same Sternber'J paradigm 

1 

as the Landauer and ^tanners groups, is that more than a single letter 
can serve as a unit of visual recognllioa. Tlie task was to icpoil the 
name(s) of either one or three letters which were presented with a 
tachistoscope. 

We manipulated one variable' that is tied to visual processing and 
three variables that are tied to verbal processing. The visual variable 
was the stimulus onset asynchrony (SOA) betwei^ the letter display an^ 
a very effective masking stimulus. T^ere were three verbal manipula-^ 
tions; (a) either single letters or trigrams were presentek^ (b) trigrams 
were of high or low frequency,, and (C) rarigrams had either one or ^o 
vocalic centers (Hansen & Rcnagers, 1968). 

If the sole visual input lo the verbil prc^^ssing system is the out- 
put of a letter~by-letter recognitftm.i^ptfocess, then the effects of the 
visual variable and the various verb/l manipulations should have been 

V 

additive. The present experimentAvas a test of this additivity. 
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ParticipantM *' 

EiglUeen college studentq participated in thiti study as part of tho 
laboratory requirement for an introductory psychology course. Since 
this Bti^dy was initially concerned wit;h individual differences in reading, 
participants were selected for high or low v^erbal ability based on the 
Da.t}if 'Reading Test. Hiere were no diffe ranees between good and poor, 
readers on any of tTie results reported below. One subject was dropped 
because" he' had no correct reaction times for some of the cells of the 
design. 



Materials and Apparatus r 

All stimuli consisted of one. tw.o, or thre^ characters Hrawn with 
a Flair pen on 13 cm_x 18 cm index cards (thus they were of low con- 
trast relative to stimuli made with darker press-on letters). Tlie stimuli 
were presented via a three - channel tachistoscope. All subtended a ver- 
tical visual angle of . 90 degrees. Horizontally, single letters subfiended 
.57 degrees, two-digit number^ subtended 1. 42 degrees, and trigrams 
subtended 2. 25 degrees. To perinit complete feature masking, we used 
letters in the style of Rumelhart and Siple (1974), and digits were com- 
posed using the same line segments used for the letters. Luminance of 
the stimuhis, blank, and mask displays was 68 cd/m^. A small fixation 

do^i^tks located in the center of the blank field. The- mask consisted of 

.1 

. all 16 Rumelharjt and Siple letter fragments in each of the three letter 
positions for the figram stimuli. 

Pour groups of' 14 trfjgrams each were selected Which had either 
high or low trigram frequency in running text (Underwood St Schulz, 
I960), and one or two vocalic centers (Hansen & Rodgers, 1968; Spoehr 



K S»nil)K l'»7i), ' Hi^h -f lequrncy trimains had frpqurncicH xroat<»r tlian 
.!S(). with a mean of 46S for the oiu* svllabN* jitliniill and 464 for the two- 
HvllahU- Htiiinili, 1 .4>w - 1" reqiirncy trlxrainH had frrqucncirn Ichh than'i!SO 
with a moan of ^4 for both thr onr and two-Nyllable namples. ITiV actual 
I ri^ rains prrnrntrd and their frequencies are Hated In Table 1, I- or each 
of thv four setn of tri^rams, one-third of tha trigram letters were ran- 
domly c:ho«en for the Hin^lr -letter condition. 

[) eai){n and Procedure * 

Inhere were three tasks for the participanta- First* they had 27 
reporf trials on twcKdigit luimbera* using the general procedures of 

Sporhr and Smith (1^)73). This task is irrelevant to the present 8t\»dy 

if 

except that it provided 3<i warm-up trials with the apparatus. The ^ 
other two tasks were single - letter reports and trigram reports. 

^In all tas1<s» the following conditions held: (a) stimulus duration 
was 2S msec; (b) mask duration was 200 msec; (c) the stimulus onset 
asynchrony (SOA) between target and mask displays was systematically 
varied; tnd (d) a blank field was presented before, between, and after 
the stimulus and mask displays. Art electronic timer was started at the 
onset of the stimulus display and stopped when a voice key detected the 
beginning of the participant' d oral report of the stimulus. The response 
time |rT) that was recorded was thr time from the beginning of the stimu- 
lus to the beginning of the report response. Accuracy refers to whether 
or not the entire display'was correctly reported in correct order. The 
participants were encouraged to be accurate and, given accuracy, as 
fast as possible in responding. 



Iwhile our actual distinction y^as between one and two vocalic cen - 
ters (Hansen & Rodgers. 1968), we have, to facilitate exposition, re- 
ferred to our stimuli throughout this paper'as having either one or two 
syllables : ' 
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•iif»lr(| of ihii't^hliH k fi »>( lii.tbi, ui f.u li itl which all Irttrrw wrrn |irr- 
'»<-f»tr*l {Mi'p.i I .1 1 !• I V t .unioinl rrtl hit rn< It finl>|rct t)U l» tiial), Iviit h 
M(>< k was'itm witl> « <ijM»'ri'Mt )A , -in<l -i n m i^; hum* nt <.>! S(^A If) lilotkM 
wu?i v.iMfd cw»M 'iMhjfttM MMiii).; r (i H M <M M 1 1 V r«>WM ol i\ l.atlii Nqiiarr inr 
I'ac h prison in furit. (Ttrrr SC^Am wrir uhimI; SO n\Mrr, niHf»c, and 
I lustM . Hir fuclrj ill i'vvixUy tnr tJir Irttrr rrro^nitlon Hrj^mrnt wan 
.\H toltnw?*: .* nurmtf'H ttir thr Huhjrt t to rxJiminr a Harnplr rarci with 
rxrtinpli'H of iIh- /.^ IrffrtH in thi- Uwmrlhart .uitl Siplr Irttrrlnx «tylr, 
'» warm »tp tiialw at 1 rnnor SOA. an() Om^u thr ^ blorkH of S^) letters 
r:u h. . . 

l'h»' n»ir<l srf.jmiMit ol thr Mtucly w.im tri^;rarn rrt Oj^nitlon. '\hv pro- 
c rfliirr was iil«*ntn .»! tf» that ot Irttrr rrco^^nition, oxcopt that IS warjrn- 
up trials wi'^rr u h«m1. 

'Hir Htxidy tool, two .')nr heir ,»;rHHion.s to run. Most participants 
romplrtrcl the niinibers and two blocks of lottrr.H in one fle.iHinn and the 
third block ol lettern phis tlu* trigrnrriH in a second. Ilir warrn-\ip trials 
w<Te rt'prated at the start of thr srrond .session. 

Refl\iltB 

I <r t te r Pv r r e £t i on 

ITirrr werr no si^auficant dif f er ence in report accuracy or RT 
brtwren letterji aamplrd frorri l)ie diffrrrnt tri^ram typeH. Consequently, 
data from the four srts of Irttrrs werr poolrd. F'or each subject, report 
accuracy was tabu I a' eri' fn r r.ir)i of thrrr SC^A.s. 1>ir mean pVopo rtions 
CO r rr c t wr rr . 70. .H^>. and.«^>Hfor r e s pe ct ive SOA h of S 0 , f>S; and 125 
msec. iTiese mran.s were significantly different, y{l,3Z\ I*^.^), 
p -■ . 000. Similar r e suit s we r e fo\irid with the Rl for correct responwes, 
with rr^ean (harmonic) responsr timeS^ of t>IH. S38, and 483 msec. 
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I'lir mean p i opo r { ii)H r» i iu'^i rc t arn! tlir turan c t)i i rc f irMponMO 
tifiirH air hIidwii in laMfM / am) K HrnpoM M* finicN lor fk^atHtic al analy 
flPH wrrr t»htaiiir(! l>v < )vul J , lUr ra c h • m uli jf* t h)r *- ac h ' ("(unhi nat icm 
o! trratriirm Irvrlw, Jhr harnmnir inraii ol {In- toitrct irNpnrinr latrn 
cirH. Hirri' w«m r no (liffr i etu hc-twocn m^xl and poor roati.^rii, I . 

A iiujltlvariatr AnaIv«rR ^Aiianrr «»f I< I and a<:c urary fduiwr(! ^i^nlfi 
t ant rf^'ctfl ol SOA. nunibrr of s y 11 aid c m , fri'ciurncy (all -,001). and 

firqvifn<y .nninhrr ol m y llal) 1 r s . "^M f'. t^'. '.01. lotnrthrr 

rhaia*;trr i7i* fhr ir.mlls, -irpaiatr nnivarialr analyses wrrr thrn con 
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!n thr nuj va r i at <• analv^ln of H th*^ rffrct« of SUA', nurnbrr of 
iHvn.iblfH arifl t I rqin'iu y *wr I r all n i>{ nif icant [\ < .001), but lh« inter- 
art ion of niinibrr iif HyllfiblrH and frrqiirncy was not, F . I. ["hin s^iR - 
,>{r A ts (bat till I 1 1 1> i ' N . M { 1 t 111 til y .%n() nvii > ibi- 1 i^f h y llabli* n w ir 1 1* rtiUittive. 
Mi>wcvrr, thr a<lflitivr rflrrt breaks down .it tbe iihorte«t {^0 marc) 
pr <*«ontat ion tiinrn, nintT the Hirnplf' interaction effect of number of 
•syllablen • frequency "^0 niHer SO A in ni^niflrant, ^'(1. I 4.64, 

In the at e urnt y analyeiH, the effects of SO A.'yramT^^^of flyllables, 
anri f r eqii enc y we r e ?i ij^ nif ic ant . f • , 00 | , and the * nte r actio^ of nurjnber 
ot syllables witf> 1 rrquency was alsc^ significant, ^'(1, U> ) 6. KB, p \~ .018. 



lo asH\ir <* >^^t these effects were not ciue to differential propor- 
tions of wi^r ds v^. n^nWord.s in tbe four tri^;rani ^roup.s, we computed 
latency and accur acy meaHiires for words vs. nonwords in each ^roup. 



^roup, owe 
gh-trequAfcv 



Tlje re >we jc live wordn in the one - sy J lable hi^h - frequency 
in the ^ne - 9 yllable low-frequency group, and two in the high -frequency 
two- syllable Krouff*. In no rase wrre the latency and accuracy of y^ordt; 
significantly better or worse than for nonwords of the same class, nor 
was there any trend toward a difference. TTi^is does not rule out a word 

^- ' ■ ^ , ' ' 
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\n thr iin^variitc analv^ln of H *P, th*^ rffrct« of SUA', nurnbrr of 
iHvn.il)lrH arul J i rqin-iu y *wr i r all n i>{ nif icant < .001), but lh« inter- 
action t)t niinibrr iif Hvll^^blrH and frrqiirncy was not, . I. ["his s^iR - 
,>{r A ts that till t 1 1 1> i t N . M ! 1 t ipii (11 y .tnd nvii > iIh- i kA h y llal/lo n w im t' rtiluitive. 
Hi>wrvrr, thr a<lflitivr i-flrrt breaks down .it the iihortc«t C^O marc) 
prr«entalion tiinrn, nintr the Hirnplc interaction rffert of numbrr of 
•syllablpH • frequency "^0 njner SO A iw ni^niflrant, ^'(K I 4.64, 
T , 0 . ■ 

In the at e urnt y analyeiH, the effects of SO A,'yn3lYTt>^'*of flyllables, 
and f reqiienc V we rr ?i i(^ nif ic ant , \- • . 00 ) , and thr * nte r actio^ of nuijnber 
ot syllables witf> 1 rrquency was alsc^ significant, ^'(1, U> ) 6.n8, \>v .018, 



lo as HVkr >]h^t these effects were not clue to differential propor- 
tions of wi^r ds v^. n^nWord.s in the four tri^;rani groups, we computed 
latency '^rid accur acy nieaHiires for words vb. nonwords in each ^roup. 
Tlje re >we jc live wordn wi the one-syJlable high - frequency ^ roup, o|/e 
in the ^ne - 9 yllable low-frequency group, and two in the high -frequency 
two- syllable groufp*. In no rase wrre the latency and accuracy of ^ords 
significantly better or worse than for nonwords of the same class, nor 
was there any trend toward a difference. 'H^is does not rule out a word 

9 
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vs. nonwor<L:effect» but it does show that our tpswlts- 
a difference. ^ . . "* 



Comparisons of Single- Letter and Trjg ram Data 

It is important to remember that trigram accural 
terms of the complete report of all three trigram letter 
data for letters- and trigrams can be compared b^ ex^tp^iiningNk^ufife 
As can be seen in the figure, accuracy on high-f requenqy single-syllable 
trigrajns is about the same as for , ir:: le letters. Under the slowest 
stianulus conv^tion (SOA = 50 msec), trigram (one-syllable high-frequency) 
accuracy is slightly atrf>ve letter accuracy, and in the other two conditional 
it is slightly below. ^ 

Figure 2 shows latencies for correct. trigram and letter tasks. 
Here the letter and one- syllable high-frequency trigram data show a dif- 
ferent pattern. Comparing letter RT and trigram ^T, we can conclude, 
since accuracy was equal, that there is an interaction between number 
of letters Ijjg^g reported, a "verbal" variable, and SOA, a visual.varia- 
ble. ; ^ 

. * Discussion 



The two findings of greatest. interest are (a) the comparison bfe- 
tween the letter data and that for high-frequency monosyllables, and 
(b) the interaction between trigram type and SOA. As SOA. and there- 
fore the time for which iconic information is available, decreases,^ the 
letter and frequent monosyllable reaction times converge while accuracy 
stays constant. This is exactly the type of interaction which Sternberg's 
(1969) method would take as a rejection of the hypoth^is that visual 
quality and number of letters affect independent stag'e^\in the. perception- 
and - report' process. Also, as SOA decreases, th^ additive effect of 
frequency and number of syllables in both the ac cTu racy and. s^eed meas- 
ures of the trigram task seems to break down. Wd*Will con^der the 
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implications of these two bindings in terms of the units which can be 
de^-^^Ted in the processing' of letter strings. ^ 

Theoretically, unitization can occur at either a perceptual level 
or at a level closer to the response side of the process. A number of 
I eseai chers have pointe^^ out this distinction (e. g. , Estes, 1975a, l975b; 
Healy, 1976; Johnson. 1975), and there are competing unitization models 
available (e/g. , Gibson et al. , 1962, -vs. Spoehr & Smith,' 1975). While 
many models have been posed as hierarchies of pattern units (Estes, 
1975a: Johnson. 1975; LaBerge & Samuels^l 974), it may alsojbe useful 
to thinrk of visual and name codes, ppf-hape at several different levels; - 
which can arise.' independently or with dependence that is a function* of 
the specific circumstances (Posner, 1969, has advanced this type of 
vipw). * ■ ' n ■ 1* ■ • 

., . .. \ v ■ ■ . 

With resp«ct to the task we used, two basi: ]^vels at which unitizaV 
tion'might^jiAve occurred are the leyel of visual >erception and the levelj' 
of stimulus naming. At the visual leyel, one cat conceive of a hieifarchV 
of detection in which the (perhaps unnamed) outpiit o^ letter analyzers is 
input to syllable (or other higher-level) analyzer j. The alternative pos- 
sibility is *hat there is direct input of ^ubletter features to a higher-level 
analyzer. The SOA x number-of-letters interact: on suggests that the 
latter is occurring since^high-f requency monosyl] ablgts were reported 
as rapidly as single letters at the shortest SOA. Ilhis. indicates that 
when the visual signal is reduced, trigrams can be perceived in the 
same number of steps as single letters, which, in turn, suggests that 
visual units of more than a single letter exist. Thie fact that the letter 
times converge, at short SOA, with only the high-tlrequency monosyllable 
times suggests that these visual units are at a level corresponding to 
syllables. It is important to note that our results may show unitization 
at the syllable level rather than the word level only because we used 
short, generally nonword, strings. * ^ 



13 



16 



We next consider the SOA by trigram-type interaction. H;re we 



the ex- 



find evidence consi stent with unitization at a verbal level. Wi^ t 
'ception of the shortest SOA, a rathe rv simple model will fit the data. 
Let us 'assume, since the task is letter-by-letter full report, that sub- 
jects^try to perceive, keep track of, and produce each letter separately. 
Further, let us assume that at a given SOA, tHe probability that this 
separatist strategy will succeed is p^. WitM probability J - p^, the 
independent'processing will be inadequate. Nowevei:|^ we suggest that 
if th^i^trigram is frequent (as represented jsy paraig^t<fer fc) and of one- 
syllable (represented by a, the probability of thj^fri^ram^s letters being 
repres^enta]i>le by. a single phonological or name c^pde)^, ^en a Correct 
response may .sti^ occur. Thus P, the probability of. correct respond- 
ing can be expressed as: * ,^ 

P = Pc + - (r2 + fc) 

With p^ = .45, .67, and .85 for the three SOA conditions, a - .28^ and 
6 = ,18, this model fits the accuracy data more or less (allowing Cor 
ceiling effects), as shown in Figure 1. 

However, there is still the differential latency data td^^jaccount for. 
Here the syllable and frequency effects are additive at the longq^r SOAs, 
but at SOA = 50 msec, there are two levels of RT: High-frequency mono- 
syllables were^at one level and the other three conditions were equal and 
slower. This suggests that the model of initial letter perception followed 
by possible intervention of higher-order ver^bal units breaks down at 
short SOA. One plausible description iff that visual unitization effects 
in a letter-string report ta,sk will be seen only when visual input is so 
limited that the probability of multilettei?' unit detection is much greater 
than the joint probability of all letters being detected separately. When 
visual input is better in a letter report task, perception willibfe at the 
letter le^^l^t-with some possibility of unitization effects of a verbal nature. 
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^ In this regard, it is interesting to Icompare the. demands o£ our 
full report task to those o£ a forced- choice recognition of only one letter 
. from a string. In the latter«case Johnson (i975) notes that as the visua^ 
*lgnahd^teriorat55S. it becomes Ifess reliable to recogti/ze the'strii^ a^'a 
unit^nd the^ecide >i it contained iJ^given letter than it is to operate from 
the outse t at the le tter le ve 1* In our full repor t task* the opposite is the 
cas^. All positions, not 'just one, must be attended. Therefife, it is 
better toyse the limited time thtfl^the icon is available at short Sy^>y for 
a holistic perceptual detection effort. ^ ^ ■ ^ 

We suggest then' that all chains of ev^itS- -letter or group perC^q>v- ^ 
tion followed by lettex or group processing- -are possible, with tl^e' natl^c^ 
of the task ind stimuli as well as the quality of the visual signal media^g 
which chains of Events are most prot}able, * ' 

Finally, we note that-our use of masking and SOA control to vary 
visual quality m^y be crucial to our results. Such manipulations limit 
how long^^e visual information is available. Hie procedures of Landauer 
et al. (Note 1) and Stanners et al. (1975) failed to find Wle^isual- verbal*' 
interaction demonstrated in the present study. However, they used words 
rather than subword strings and used degradation of the display rather 
than masking. The latter difference may be crucial to understanding why 
they found no interaction. At any rate, our results provide at^otig sup- 
port for t^xe notion that visual units exist at the syllable level. ^( 



18 



Reference Notes 



Landauer. T. K/f^idnevy-^, S. , & Fowlkes, E. ,B. Processing. 
stages in word naming: R^actirfn time effects of Jetter degradation 
and word-frequency . Unpublished manuscript, Bell Labor atof«^^s, 

■ t \ 

Taylor, G. a!.. Miller, T. J.. & Juola. J. F. Isolating the uni^s 
of vi3ual>word perception . Paper presented at the meeting of the 
Psychonomic Society, Denver, April 1975. 



( 



/ 



/ 



16 



Refcccnccs 



Baron, J. , & Thurston, I. An analysi^ of the Word superiority effect. 
Cognirtve Psycholot^y . 1973; 4. 207^28, 

Estek, W: K. Memory, perception, and decision in letter identification. 
In R. L. Solso (Ed. ), Information processing and cognition; Hie 
Loyola symposium. Hillsdale, N,wJ. : Lawrence Erlbaun^ Associ- 
ates, 1975. (a) ^ 

Estes, W. K. The locus of\nf e r ential and, perceptual processes in 
letter IdentUication. Mirnal of Eacperimen tar Psychology 1975 
i04, 122-145. (b) I ^ ^ ^ 



G'ljbt 



son, E. J*., Pick, A., Osser, H. . & Hammond, M. Tke role of 
grapheme -phoneme correspondence in 1^ perception^ Words. 
American Journal of Psychology . 196^J ^ , 554-570. - 



Gibson, E. J.. ShurclUf,4., & ^00^0^- Utilization of speUing pat-l ^ 
. ^terns by deaf and heaB|| iu|iPK. -In H. Levin\ J. Williams \ 
' ^Eds.). Basic stud ies CTteadin^ . New^York: Basic Books,. 1970. \ 

Hansen, D. . fc.RocJgcrs, T. S. An exploration of psycholinguistic unit«f 
^ in initial reading. In K. S. Goodman (Ed. ); The paycholinguistic . 
nature of the reading process DPtmU. Wayne State University 
. . Press, 1968. ' ^ ^ . • ' ' , 

Healy. A. F. Detection errors on thh Coi^d the: Evidence for rea<li^g . 
units larger tlian letters. Journal of Experiment^Jl Psychology ; 
Human Pe rception. and Performance. tl976. Z, 235-242. 

Herrmann, J. , & Laughlin. J. P. Language habits apd detection in /' 
' very short-term memory. Perception and Ps vchophvaica. i973. 
14. 4|3-486.^ , * ^ ^^-^ 

Johnson. N. F. On the function of letters in word identificaHon: Some 
data and a preliminary model. Journal of Verbal Learning and 
Verbal Behavior . 1975. 24. 17-29] 

Juola, J. F. . Taylor. G. A., & Choe, C. S. Perceptual processes in 
reading and word recognition. In A. Whinston and K. Fu (Eds. ), 
J Proceedings of the NA TO Advanced Study Ii^stitute on pattern recog - 
nition . Leiden: A. tV. Sijthoff, in press. 
• « 



17 




f 



Lafierge. D. . & Samuels, S. J. Toward a ti|eory of automatic informa- 
tion processing in reading. Cognitive Psychology , '1974; 6^, 293-324. 

Massaro. D. W. Primar^ and secondary recognition in reading. In 
D. W. Massaro (Ed. ), Underst^ndin^j language; An information- 
processing analysis of speech perception, reading, and psycholin- 
guistics . New York: Academic Press, ^975. r 

Posner, M. I. Abstraction and the process of recognition. In G. H. 

Bower & J. T. Spence (Eds. ), The psychology of learning and moti - 
vation (Volt 3). New York: Academic Press, 1969. 

Rumelhart, D. E. , & Siple, P. Process of recognizing tachisttoscopically 
ftipresented words. Psychological Review , 1974, 8J^, 99-118. 

Spoehr, K. T. , &*^mith, E. E. The role of syllables in perceptual 
processing. Cognitive Psychology , 1973, 5^, 71-89. 

Spoehr, K.^T. , & Smith,-^:. E. The role of orthographic and phono- 
tactic rules in perceiving lettei*patterns. Journal of Experimental 
Psychology: Htirnan Perception and Performance , 1975||J_, 21-34. 

Stanners, R. F. ,^astrzemb8ki, J. E. , &, Westbrook, A. Freqi»ency 
and visual quality in a word-nonword classification task. J ournal 
of Verbal Learning aiyd Verbal Behavior , 1975, M^, 259-264. 



Sternberg, p. The discovery of processing s'tages: Extensions of Don-' 
der»s ihethod. In W. CJ. Ko/ter (Ed.), Attention and performance IL 
. Acta Psychologica , 1969, 30' .276-3J5. ' ^ 

Underwood, B. J. , & Schulz, R. W. Meaningfulness and verbal learning . 
Chicago: Lippincott, i960. ■ 



( 



\ ' 21 

18 



LaBerge. D. . & Samuels, S. J. Toward a ti|eory of automatic informa- 
tion processing in reading. Cognitive Psychology , M974', 6^, 293-324. 

Massaro. D. W. Primar^ and secondary recognition in reading. In 
D. W. Massaro (Ed. ), Understanding language; An information- 
processing analysis of speech perception, reading, and psycholin- 
guistics . New York: Academic Press, ^975. r 

Posner, M. I. Abstraction and the process of recognition. In G. H. 

Bower & J. T. Spence (Eds. ), The psychology of learning and moti - 
vation (Vol*. 3). New York: Academic Press, 1969. 

Rumelhart, D. E. , & Siple, P. Process of recognizing tachist^scopically 
ftipresented words. Psychological Review , 1974, 8J^, 99-118. 

Spoehr, K. T. , &*^mith, E. E. The role of syllables in perceptual 
processing. Cognitive Psychology , 1973, 5^, 71-89. 

Spoehr, K.^T. , & Smith,-^:. E. The role of orthographic and phono- 
tactic rules in perceiving lettei*patterns. Journal of Experimental 
^ Psychology: Human Perception and Performance , 1975||J_, 21-34. 

Stanners, R. F. ,^astrzembski, J. E. , &, Westbrook, A. Freqi*ency 
\ ^ and visual quality in a word-nonword classification task. J ournal 
^^> of Verbal Learning aiyd Verbal Behavior , 1975, l±, 259-264. 



Sternberg, p. The discovery of processing s'tages: Extensions of Don-* 
der^s ihethod. In W. CJ. Ko/ter (Ed.), Attention and performance IL 
. Acta Psychologica , 1969, 30' .276-3J5. ' ^ 

Underwood, B. J. , & Schulz, R. W. Meaningfulness and verbal learning . 
Chicago: Lippincott, i960. 



( 



\ - 21 

18 



